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(54) Polymer film for wrapping a stent structure 

(57) The drug-loaded stent (20) includes an expand- 
able stent structural member (22), and a planar sheet 
(24) of polymeric material attached (26) to the outside of 
the expandable stent structural member (22). The poly- 
meric material (24) preferably is bioabsorbable, and 
loaded or coated with a therapeutic agent or drug to 
reduce or to prevent restenosis in the vessel being 
treated. The polymer material (24) can be attached to 
the metal stent at one or more points (26). and wrapped 
in a coil around the stent in an unexpanded state, to 
uncoil and expand in diameter to substantially match the 
expanded diameter of the metal stent; or can be wrapped 
tightly around the stent structural member (22) and 
attached to itself, to stretch radially when the stent struc- 
tural member is expanded. In another currently preferred 
embodiment, a combination of a stent structural member 
and a polymeric film wrapping can be provided with a 
coating of lubricious material. The lubricious material 
pan be polyethylene oxide, polyethylene glycol, polyeth- 
ylene acetate, polyvinyl pyrrolidone. polyvinyl alcohol, 
poiyacrylamide, hydrophilic soft segment urethanes, 
some natural gums, poJyanhydrides or other similar 
hydrophilic polymers, and combinations thereof. The 
layer of lubricious material (120) protects the stent from 
the guide or the body lumen in which the stent is inserted 
by providing a low friction surface over the stent 
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Description 

BACKSBQ! imp OF TH F 'MENTION 
pi ? iH nt foe Invention 

This invention relates generally to ^"^j"^ 
,umina. vascular grafts, generaily referred to as^tonK 
and more particularly concerns metal stents wrapped 
wtf, a polymer film capable of canying and releasmg 
therapeutic drugs. 

n^fri ptinn q < Rplated Art 

Stents typically are implanted within a vessel in a 
contracted state and then expanded when in place .n the 
Storder to maintain patency of the vessel to # al.ow 
»,uidflowthroughthe vessel. Ideally, ^'a^t.onof such 
sterrtsisaccomplishedbyrr^ 
loon portion of a catheter, posrt.on.ng the st^n a body 
lumenand expanding the stent to an expanded state by 
inflation of a balloon within the stent The stent then can 
be left in place by deflating the balloon and remov.ng the 

^Stents commonly have a metallic structure to i pro- 
vide the strength required to function as a stent but typ- 
ically dO not provide for the delivery of localized 
therapeutic pharmacological treatment of a vessel at the 
Snbeing treated with me stent Polymenc maters 
Sable of absorbing and releasing therapeutic agents 
maynot fulfill the structural and mechamcal reqwre- 
ments of a stent, especially when the P^nc mat^r, 
als are loaded with a drug, because drug-toad.ng erf a 
polymeric material can significantly affect the structural 
and mechanical properties of the polymeric rratenat 
Becausertottenisusetoltoprovidelc*^ 
Dharmacological treatment of a vessel at the location 
Seated with the stem, rt would be desirabte to com- 
bine such polymeric materials with existing stent stiuc- 
Les to provide a stent with the capability of absorbing 
therapeutic drugs or other agents, for placement and 
reSe of the therapeutic agents at a specific .ntravas- 
cular site. 

qi immarY OF THF INVENTION 



Briefly, certain preferred embodiments of the 
present invention provide tor a slant >* a ^ * 
ymer film capable of canying and releasmsr therapeutic 
agents Because the polymer f ilm is wrapped on tha out- 
sfcie of the stent, and is not needed to prov.de structural 
strength to assist in opening the f low peth of the vascu- 
lature or other body lumen where the stent is to be 

mulated for rts specific function of del.ver.ng drugs 
U^ally The stent can be used in coronary artenes or any 
o^erparto^ 

mechanical opening force is necessary or des.rab eto 
keep the vessel open or to ma.nta.n the stent flush 



against the lumen wall, and where an anti-restenosis. 
^-proliferative or other type of therapeutic drug or 
agent simultaneously is to be positioned and drffused. 
Particular embodiments accordingly provide for a 
5 drug-loaded stent, comprising an expandable stent 
sectoral member, and a planar sheet of polymenc 
material disposed on the outsideof ^«?^j2S2 
structural member. The polymenc matenal preferably » 
bioabsorbable.andpreferablyis loaded or coated or lam- 
to inated with a therapeutic agent or drug to reduce or pre- 
vent restenosis and thrombosis in the vessel bang 
treated The polymer material can be a thermoplastic or 
an elastomer, for example, so that the film can stretch or 
deform radially when the stent structural meters 
,s expanded. The film of polymer matenal can be formed 
asasotid sheet, or can incorporate holes of vanoussizes 
and shapes to promote rapid ^otheliaBMtioa 

The polymer film preferably is mounted to the stent 
structural member, and in a presently prefened embod- 
20 iment. the polymer film can be attached ^e casting 
stent structural member in an unexpanded state by 
adhesive or by heat sealing, with the stent structural 
member sandwiched between internal and external lay- 
ers of film heat sealed around the stent structural mem- 
x ber. or mechanically, as by such a mechamcal 
connection as hooking one or moreslots on an edgepor- 
tion of the polymeric material through acorrespond.no 
slotted portion of the stent structure, n^^or-th^ 
metal clip. The polymer matenal can be attached to the 
30 stent structural member at one or more pom* and 
wrapped in a coil around the stent .n an unexpanded 
Sso that the diameter of the outer coiled film wouW 
uncoil and expand in diameter to match the d.ameter <rf 
the metal stent. When coiled around the stent structural 
35 member, the coiled polymer film can have at least one 
slit transverse to the longitudinal axis about wh.<^e 
Lit is coiled to accommodate possible uneven expan- . 
sion of the underlying stent structural member 

In another presently preferred embodiment the poi 
40 vmer material can be attached to an existing stent struc- 
to^^wHhanintertererKem^tigM^ng 

the polymer film at least once *currrferer*ally around 
me tfent structural member in a" «nex^ state and 
attachina the polymer film to rtself to form a sleeve 
« l£Si.J*Z*M* member. -^^S 
and melting the film to rtself. adhes.ve tartng. sotverrt 
bonding, bonding one or more strips of elastic polymenc 
Serial on the outside edge of the polymenc Mm wrap 
to secure it. or by mechanical fastening, such asby a dp. 
50 Tonecu^lyprefenedembodimerrt.toepolym 
materia, can be attached to an existing stent structural 
member by hooking one or more slots on an edge portion 
of the polymeric material through a conespond.ng stat- 
ion of the stent structural member, tightiy wrap- 
« ping the polymer Mm at least once "rcurrrterentiany 
around the stent structural member .n an ur^M 
state to form a coil of layers of the polymenc : mater at 
and securing the layers in a tightly wrapped cat The ca 
cwrently is preferably secured in a tightly wrapped co.1 
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by adhesive bonding, typically by an adhesive such as a 
copolymer of poly-L-lactic acid (L-PLA) and polycaprol- 
actone (PCL), although other adhesives, heat bonding, 
solvent bonding, or one or more mechanical fasteners, 
such as with a metal clip, for example, also may be suit- 5 
able. Alternatively, the coil can be secured in a tightly 
wrapped coil by attaching one end of at least one piece 
of elastic material to an exterior end portion of the coil of 
polymeric material, and attaching the other end of the 
elastic material to a portion of the exterior of the wrapped 10 
coil of polymeric material. The elastic material stretches 
to allow the coil of polymeric material to uncoil as the 
stent is expanded. 

In another currently preferred embodiment, a com- 
bination of a stent structural member and a polymeric 75 
film wrapping can be provided with a coating of lubricious 
material. The lubricious material currently preferably 
comprises a mixture of polyethylene oxide and polyeth- 
ylene glycol, although other types of hydrophilic poly- 
meric materials such as polyethylene acetate, polyvinyl 20 
pyrrolidone (PVP), polyvinyl alcohol, polyacrylamide, 
hydrophilic soft segment urethanes, soem natural gums 
such as gum arable, gum tragacanth and the like, poly- 
anhydrides or other similar hydrophilic polymers, and 
combinations thereof, also can be used. The lubricious 25 
coating currently preferably is applied over a sterrt-and- 
polymeMilm-wrap combination by dipping the wrapped 
stent in the hydrated, liquid lubricious material. The layer 
of lubricious material protects the stent from the guide 
catheter or the body lumen in which the stent is inserted 30 
by providing a low friction surface over the stent 

These and other aspects and advantages of the 
invention will become apparent from the following 
detailed description, and the accompanying drawings, 
which illustrate by way of example the features of the 35 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a cross-sectional view of a first embed- 40 
iment of the stent structural member and film of pol- 
ymer material of the drug-loaded stent of the 
invention shown in an un expanded state; 

FIG. 2 is a cross-sectional view of the drug-loaded 45 
stent of FIG. 1 shown in an expanded state; 

FIG. 3 is a perspective view of the drug-loaded stent 
of FIG. 1; 

50 

FIG. 4 is a perspective view of an alternate embod- 
iment of the drug-loaded stent of FIG. 1 having aper- 
tures in the exterior sheet of polymeric material; 

FIG. 5 is a cross-sectional view of a second embod- ss 
iment of the drug-loaded stent of the invention, 
shown in an unexpanded state; 



FIG. 6 is a perspective view of an alternate embod- 
iment of the drug-loaded stent of FIG. 5 having aper- 
tures in the polymeric material; 

FIG. 7 is a cross-sectionaJ view of an alternate 
embodiment of the drug-loaded stent of FIG. 5 hav- 
ing multiple wrappings of the polymeric material; 

FIG. 8 is an elevationai view of a representative stent 
structural member, shown in a vessel; 

FIG. 9 is a plan view of a sheet of polymeric material 
in another alternative embodiment including elastic 
strips tor securing the polymeric material wrapped 
around a stent structural member; 

FIG. 10 is a cross-sectional view of a drug-loaded 
stent wrapped with the polymeric material of FIG. 9; 

FIG. 11 is a perspective view of the drug-loaded 
stent of FIG. 10; 

FIG. 1 2 is a plan view of a sheet of polymeric mate- 
rial in a further alternative embodiment including an 
elastic strip extending the width of the polymeric 
material for securing the polymeric material when 
wrapped around a stent structural member; v 

FIG. 1 3 is a perspective view of a drug-loaded stent 
wrapped with the polymeric material of FIG. 12; 

FIG. 1 4 is a plan view of a sheet of polymeric mate- 
rial in a further alternative embodiment including 
attachment tabs for securing the polymeric material 
to a stent structural member; 

FIG. 15 is an elevationai view of a drug-loaded stent 
wrapped with the sheet of polymeric material of FIG. 
14 and mounted on a balloon dilatation catheter for 
delivery; 

FIG. 16 is an enlarged partial sectional view of the 
drug-loaded stent of FIG. 15 showing the sheet of 
polymeric material wrapped around a slotted tube 
stent structural member; 

FIG. 17 is an elevationai view of the drug-loaded 
stent of FIG. 1 5 covered with a layer of a lubricious. 
hydrophilic polymeric coating; and 

FIG. 18 is a partial sectional view of the drug-loaded 
stent of FIG. 17. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Stents that have a metallic structure typically do not 
provide for the delivery of localized therapeutic drugs in 
a blood vessel, while polymeric materials that can be 
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used for drug delivery may not fulfill the structural and 
mechanical requirements of a stent to hold opena body 
lumen. Polymeric materials used for the dual function of 
structural support and for absorbing and releasing ther- 
apeutic agents may not fulfill eilher function satisfactorily, 
because drug-loading of a polymeric material can signrf- 
icantly affect the structural and mechanical properties 
the polymeric material, and the ability to absorband 
release therapeutic agents or drugs can affect structural 
characteristics. 

Accordingly, as shown in FIGS. 1-4, one embodi- 
ment of the present invention provides for a stent 20 that 
can be drug-loaded, comprising an expandable stent 
structural member 22, and a planar sheet or film 24 c4 
polymeric material, further described below, that in afirst 
embodiment is attached to the metal stent at one or more 
points of attachment 26, and is wrapped in a coil around 
the stent in an unexpanded state. The polymer material 
can be extruded as a thin film, and any processing can 
be done while the material is in a flat sheet form. 

The attachment of the film of polymeric material 24 
tothe stent structural member 22inan unexpanded state 

can be by adhesive; heat sealing such as with the stent 
structural member sandwiched between internal and 
external layers of film heat-sealed or otherwise lam.- 
nated around the stent structural member; by mechani- 
cal connection such as by hooking one or more slots on 
an edge portion of the polymeric material through a cor- 
responding slotted portion of the stent structural mem- 
ber as will be described further below, or with a metal 
clip for example. The film of polymeric material also has 
a free end 28. and can have one or more slits 30 in the 
polymeric fim transverse to the axis 32 of the stent to 
accommodate possible uneven expansion of the under- 
lying stent structural member. The planar sheet of poly- 
meric materia) preferably is adapted to uncoil and to 
expand to match the expansion of the stent structural 
member. The planar sheet of polymeric material can be 
a solid sheet or can have a surface defining a plurality 
of apertures 34 of various sizes and shapes to promote 
rapid endothelialization. as is illustrated in FIG. 4. The 
stent can be mounted on a balloon dilatation catheter, 
tor deployment of the stent inthe vasculature of a patient 
As is illustrated in FIG. 5, in a second embodiment 
of the stent 40 that can be drug-loaded, the stent com- 
prises a stent metal structural member 42. and a planar 
sheet or film of polymeric material 44. further descrtoed 
betow. The film of polymeric material in this embodiment 
has a first end 46 forming a first layer 47 of the polymeric 
material, and a second end 48 overlapping the firs end 
forming a second layer 49 and attached to the first layer 
of the polymeric film, preferably by heating and melting 
the film to itself to form a longitudinal heat seal bond 50 
between the first and second layers. Attachment of the 
two outer layers of the polymeric film also can be accom- 
plished by adhesive bonding, solvent bonding, or one or 
more mechanical fasteners, such as with a metal clip, tor 
example. In this embodiment the planar sheet of poly- 
meric material preferably is wrapped circumferenbally 



and cinched tightly as a sleeve around the stent struc- 
tural member, and thus is attached to the stent structural 
member by an interference fit In an alternative embodi- 
ment illustrated in FIG. 7, the polymeric material can be 
s wrapped multiple times around the stent to form multiple 
layers that can be joined together as described with ref- 
erence to FIG. 5 to form a tube around the stent. Alter- 
natively, the polymeric material can be formed as a 
seamless tube or sleeve to fit tightly around the unex- 

I0 panded stent structural member. 

The primary function of the sheet of polymeric mate- 
rial is to deliver therapeutic agents or drugs to help pre- 
vent thrombosis and/or restenosis. The planar sheet of 
polymeric material preferably is selected from the group 
,s of polymers consisting of thermoplastic and elastomer* 
polymers, so that the polymeric film can stretch or deform 
radially when the stent structural member is expanded. 

As is shown in FIG. 6. the planar sheet of polymeric 
material also can have a surface defining a plurality of 
20 apertures 52 of various sizes and shapes to promote 
rapid endothetialization. similar to the embodiment illus- 
trated in FIG. 4. The stent can be mounted on a balloon 
dilatation catheter, for deployment of the stent in the vas- 
culature of a patient 
as in each of these embodiments, the stent structural 

member is of the type that can be implanted within a ves- 
sel in a contracted state and expanded to maintain pat- 
ency of the vessel and to allow fluid flow through the 
vessel such as the expanding stents available from 
so Advanced Cardiovascular Systems. Inc.. Santa Clara. 
CA (ACS), the Johnson & Johnson Corporation 
Palmaz-Shatz stents) Cook Incorporated (ao, Gian- 
turco stents), and the like. The metal structural member, 
tor example, can be formed from a metal selected from 
as the group ol metals consisting of stainless steel. MP35N, 
MP20N elastinite (nitinol). tantalum. nickel-Manium 
alloy platinum-iridium alloy, gold, and magnesium^ 
although the stent structural member also can be formed 
of suitable non-metallic materials. "MP35N" and 
<o -MP20N- are trade names for alloys of cobalt, nickel, 
chromium and molybdenum that are available from 
Standard Pressed Steel Co of Jenkintown. Pennsylva- 
nia. MP35N consists of 35% cobalt. 35% nickel. 20% 
nickel. 20% chromium, and 1 0% molybdenum. 
4S A representative stent structural member 60 witn 
which a sheet of polymeric material can be combined 
according to one embodiment of the invention is iHus- 
trated in FIG. 8. In one preferred embodiment, the stent 
structural member 60 can be formed of metal, and corn- 
so prises a plurality of radially expandable cylindrical ele- 
ments 62 disposed coaxially and interconnected by 
members 63 disposed between adjacent cylindrical ele- 
ments The stent structural member is shown without a 
covering sheet of polymeric material, in a typical setting 
» within a vessel 65. for repairing a detached vessel lining 
66. for example, and for maintaining the patency of the 

V6SS6I 

The polymeric material preferably is selected from 
thermoplastic and elastomeric polymers. In one cur- 
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rently preferred embodiment, the polymeric material can 
be a material available under the trade name "C-Flex" 
from Concept Polymer Technologies of Largo, Florida. In 
another currently preferred embodiment, the polymeric 
material can be ethylene vinyl acetate (EVA); and in yet s 
another currently preferred embodiment, the polymeric 
material can be a material available under the trade 
name "BIOSPAN.* Other suitable polymeric materials 
include latexes, urethanes, poiysiloxanes, and modified 
styrene-ethylene/butylene-styrene block copolymers j, 
(SEBS) and their associated families, as well as elasto- 
meric, bioabsorbable, linear aliphatic polyesters. The 
polymeric material typically can have a thickness in the 
range of about 0.051 to 0.508 millimeters (about 0.002 
to about 0.020 inches), for example. The polymeric mate- n 
rial preferably is bioabsorbable, and is preferably loaded 
or coated with a therapeutic agent or drug, including, but 
not limited to, antiplatelets, antithrombins, cytostatic and 
antiproliferative agents, tor example, to reduce or prevent 
restenosis in the vessel being treated. The therapeutic x 
agent or drug preferably is selected from the group of 
therapeutic agents or drugs consisting of sodium 
heparin, low molecular weight heparin, hirudin, arga- 
troban, forskolin, vapiprost, prostacyclin and prostacyc- 
lin analogues, dextran, D-phe-pro-argchioro- 25 
methylketone. dipyridamole, glycoprotein \\b/\\\a platelet 
membrane receptor antibody, recombinant hirudin, 
thrombin inhibitor, angiopeptin, angiotensin converting 
enzyme inhibitors, (such as Captopril. available from the 
Squibb Corporation; Cilazapril, available from the Hoff- 30 
man-La Roche Company; or Usinopril, available from the 
Merck Company) calcium channel blockers, colchicine, 
fibroblast growth factor antagonists, fish oil, omega 3- 
fatty acid, histamine antagonists, HMG-CoA reductase 
inhibitor, methotrexate, monoclonal antibodies, nitro- 35 
prusside, phosphodiesterase inhibitors, prostaglandin 
inhibitor, seramin, serotonin blockers, steroids, thiopro- 
tease inhibitors, triazolopyrimidine and other PDGF 
antagonists, alpha-interferon and genetically engi- 
neered epithelial cells, and combinations thereof. While 40 
the foregoing therapeutic agents have been used to pre- 
vent or treat restenosis and thrombosis, they are pro- 
vided by way of example and are not meant to be limiting, 
as other therapeutic drugs may be developed which 
equally are applicabl e for use with the present invention. 45 

In another currently preferred embodiment illus- 
trated in FIGS. 9-13, the stent 70 that can be drug-loaded 
comprises a stent metal structural member 72, such as 
the stent structural member 60 illustrated for example in 
FIG. 8, and a planar sheet or film of polymeric material so 
74, preferably including a plurality of apertures 88, as will 
be explained further below. The polymeric material can 
be attached to an existing stent structural member by 
tightly wrapping the polymer film at least once, and pref- 
erably multiple times, circumferentially around the stent ss 
structural member 72 in an unexpanded state to form a 
coil of layers of the polymeric material. The film of poly- 
meric material in this embodiment has an interior end 76, 
multiple wrappings forming a plurality of layers 77 of the 



polymeric material, and an exterior end 78 overlapping 
the multiple layers. The coil of polymeric material prefer- 
ably is secured snugly over the stent structure by at least 
one piece or strip of elastic material 80. One end 82 of 
at least one such piece or strip of elastic material is 
attached to the exterior end portion 78 of the coil of pol- 
ymeric material, and an opposing end 83 of the piece of 
elastic material is attached to another portion 84 of the 
exterior of the wrapped coil of polymeric material, across 
the edge of the exterior end portion 78 of the coil of pol- 
ymeric material, to secure the coil on the stent In one 
currently preferred embodiment illustrated in FIGS. 9-11, 
the coil of polymeric material advantageously can be 
secured on the stent structural member by two strips of 
such elastic material. Additional strips of elastic material 
also can be used to secure the coil of polymeric material, 
as needed. The elastic material stretches to allow the 
coil of polymeric material to uncoil as the stent is 
expanded. In a currently preferred embodiment, the 
strips of elastic material are heat-bonded to the coil of 
polymeric material. Attachment of the elastic material 
also can be accomplished by adhesive bonding, solvent 
bonding, or by one or more mechanical fasteners, such 
as with a metal clip, for example. In this embodiment, the 
planar sheet of polymeric material preferably is wrapped 
circumferentially and cinched tightly as a sleeve around 
the stent structural member, and thus is attache^ to the 
stent structural member by an interference fit 

In a currently preferred alternative embodiment 
shown in FIGS. 12 and 13, similar to that illustrated in 
FIGS. 9-11. the elastic strip of material 80 can extend 
and be bonded along the entire width of the exterior end 
78 of the coil of polymeric material as is shown in FIG. 
1 2. and can be bonded to the other portion 84 of the exte- 
rior of the wrapped coil of polymeric material, across the 
edge of the exterior end portion 78 of the coil of polymeric 
material, to secure the coil on the stent, as is illustrated 
in FIG. 13. The strip of elastic material also can be per- 
forated, such as with apertures 86 formed in the strip of 
elastic material for example, to decrease the cross-sec- 
tional area of the elastic material and thus to permit the 
elastic material to stretch more easily. The polymeric f Bm 
material also currently preferably includes a plurality of 
apertures 88 so that the polymeric material is porous, to 
allow blood to flow through the stent structural member 
72 to the vessel wall, such as for oxygenation of and 
nutrient exchange with the vessel wall, and in order to 
present a decreased surface area for purposes of reduc- 
ing thrombogenicity. The apertures also improve the flex- 
ibility of the polymeric material, allowing the stent 
segment to be more easily rolled and uncoiled during 
expansion of the stent structural member, and also facil- 
itate the process of cell growth over the surface of the 
stent. 

The primary function of the sheet of polymeric mate- 
rial 24,44,74 is to deliver therapeutic agents or drugs to 
help prevent thrombosis and/or restenosis. The planar 
sheet of polymeric material preferably is selected from 
the group of polymers consisting of thermoplastic and 
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inelastic so as not to lose a significant part of heir mi* 
ntfou *g expansion of the stent structural member. 
S as ScapTolactone. for example. allowing a hjgh 

can be loaded in the polymer* matenal and 
SUft polymeric material currently preferred « o 

appSmately a seven-day period. which am* « no 
posstole with radially-expanding elastic fflm J the 
Aliment illustrated in FIGS. 9-13. « 
toaSd polymeric material is currently preferred wh£ * 
!ll^r than about 0.0508 millimeter 0.002 inch) 

SSSS 0.002 inch) mid, to prevent je 

'pSle of the stent and wrap of P^-J^S 
becoming too large. The elastic portion of the sleeve or 
p^meric materia, keeps the coiled P*"^ 
secured snugly over the expandable stem structural 
so £ the polymeric ^"^gS 
nuBr the stent structural member without the need tor 

member The elastic portion of the sleeve of poly 
^^ntrx, material whae the stem stn^m^ 
ter fe expanding, without providing so mu* 'ea«tence 
so as toimpede expansion of the stent structural mern- 
btror^rVolfimiol the inelastic polymeric matenaL 
*The elastic strip of material can be joined on theinte- 
nor S of i end portion 
Serial The elastic material attached over the con rf 
££c materia, helps Keep the coil oh 
Serial snug on the stem structural hM M" >* * 
Rinded, and guides its linear -P^^ZSi 
tion of a balloon dilatation catheter used for deployment 
5 the stent and polymeric drug-toaded matenal .n the 
vasculature or other body lumen of a patient. 

™e elastic material cunently typically rs formed of 
' -evinvl acetate, but also can also be formed of 
J o riS. The drug-loaded layer of polymeric 
stem structural member can be formed 
oTthe materials as described above in the previous 

e ^no?her alternative embodiment Mustrated in 
FIG S 14" 6 another prefened type of stem 90 that can 
ofdrngUedcorrprisesastemmetals^ra.^ 

oer 92 that, for example, can be a slotted I «M >° 

tural ribs 93 as is illustrated in FIG. 16. such as is avail 
aWe Tom Advanced Cardiovascular System* n 
Sanation with a planar sheet or film of polyene 
nSial 94. The stem structural member *o can be 

o he lfke * the otherwise solid materia, of the stent 
structure The polymeric material can be attached to 
SsUXtural member by tightly wrapping the 

circumferentially around the stem structural member 92 



in an unexpanded state to form a coil of layers of the pol- 
Srial. The film of ^c ^enaUi t. 
eirbodimem has an imerior end 96 with at least one 
or tab 100 ada^foberece.^ 
s in openings 91 of the stem structural m<^r and 
meT^attachedtothestemstructuralmember.andprc^ 

Se wrappngs forrrtng a ^ * "J^ 
• of the polymeric material, with an exterwrendj X lover 
ippingttre imerior multiple layers. As is shown « Fft 
ID u the polymeric film of material currently preferred has 
a duraWy of attachment tabs 100. and typically has too 
of such^ttachmem tabs. Each attachment tab cunenjy 

I adapted to receive and to hook onto a 
« oorfior 93 of the stem structural member. The attach- 

STiOl to the outer edge 103mthe atechr^tab. to 
Stow me attachment tab to be h^ontt the^em 
structural member. After the attachment tab fi tooked 
„ orto aporttonof the stem structural member, thesM 102 
20 1£ * sealed closed, such as by application of an 
adhesrvemateria.. typically a 
a «ri ii -PLM and polycaprolactone (PCL). other suitable 
Sl^Cf * SSL** The ceil 0. porvmer* 
nCSeterably fe formed of a thermoplastic rnater^ 
25 S a^ Sycaprdactone that can be drug-loaded and 
Srbrw^ardsecuedsr^gryc.erthes^str^- 

S£25w«* the exterior end 98 to another por- 
S m me exterior of me wrapped coil of polymenc 
material as described above. The polymeric film of mate- 
30 Sons ml attachmem tabs as the stent struct^ 
Z£Z fe expanded and as me wrapping of polymenc 
VSL to bias the attachmem tab extending 
Se lumen of the stem structural ^aga^me 
x rersurfaceofmelurr^ofmestemstru^merr^ 
to insure that me attachmem tabs do not obsfrud .the 
ErTiin me stem structural member. Ahac^entof 
me exterior edge of me polymeric matenal to he wrap- 
SLSSiSc materiaVcunently preferably is accom- 

ac 9 mnolvmer of poty-L-lactic acid (L-PLA) ana 

£55. solvem bonding, or one or more mechamca^ 
2S3i. such as wrth a metal dip. for example, may 
ac also be suitable. 

In a cunently prefened embodiment the polymeric 
«m mater*. «&' « about 0.05CK ><^££ 
0.002 inch) thick, and also currently t^f^ 1 "^ 
« niurantv of apertures 1 08 so that me polymenc material 
„ l%Zlo J™»«* to flow through the stent 
L^rn^wtomevesselwall.suchasforoxygenation 

present a decreased surface area for purposes d reduc- 



3*^2 en ^r^ a^ me stem 
^Imto be'more easily rolled and ""coiled during 
expansion of the stem structural member and also to 
State «he process of cel. growth over me surface of 
the stent. 
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The primary function of the sheet of polymeric mate- 
rial is to deliver therapeutic agents or drugs to help pre- 
vent thrombosis and/or restenosis. The planar sheet of 
polymeric material preferably is selected from the group 
of polymers consisting of thermoplastic and elastomeric 5 
polymers that may be inelastic, and that do not lose a 
significant part of their thickness during expansion of the 
stent structural member, allowing a high upper threshold 
for the amount of one or more drugs that can be loaded 
in the polymeric material and delivered. As is illustrated u 
in FIGS. 15 and 16, the drug-loaded stent can be 
mounted on an expandable balloon member 1 10 of a dil- 
atation catheter 1 1 2, near radiopaque markers 1 1 4 of the 
catheter, for delivery of the stent in an artery, other blood 
vessel, or other body lumen, such as through a protective n 
sheath 1 1 6, shown cutaway for convenience of illustra- 
tion. 

In another currently preferred embodiment illus- 
trated in FIGS. 1 7-1 8, a combination of a stent structural 
member and a polymeric film wrapping can be provided 20 
with a coating of lubricious material 120. The lubricious 
material currently preferred is a mixture of polyethylene 
oxide and polyethylene glycol, providing both high and 
low molecular weight components in the lubricious mate- 
rial, although other types of hydrophilic polymeric mate- 25 
rials such as polyethylene acetate, polyvinyl pyrrolidone 
(PVP), polyvinyl alcohol, polyacrylamide, hydrophilic soft 
segment urethanes, some natural gums such as gum 
arabic or gum tragacanth and the like, polyanhydrides or 
other similar hydrophilic polymers, and combinations 30 
thereof, also can be used. The lubricious material also 
can carry an anti-thrombogenic drug that can be the 
same as, or complementary to, the anti-thrombogenic or 
anti-proliferative drug or drugs carried in the polymeric 
material of the stent. 35 

The lubricious coating currently preferably is applied 
over a stent-and-pdymer-f ilm-wrap combination by dip- 
ping the wrapped stent in the hydrated, liquid lubricious 
material. The lubricious material typically is prepared to 
be sufficiently viscous to allow the stent to be coated suf- 40 
ficientiy by a single dipping. The lubricious coating ini- 
tially is quite sticky when applied, but it is dried to provide 
a non-sticky tight cocoon around the wrapped stent, and 
helps to keep the polymer wrapping tight. While the lubri- 
cious coating is shown applied to a wrapped stent such 45 
as that of FIGS. 14-16, the lubricious coating advanta- 
jgeously can be applied to any of the foregoing wrapped 
stent combinations, and other suitable stents as well. 
The lubricious coating becomes hydrated again upon 
exposure to the blood during delivery of the stent. When so 
a sheath is used in the delivery system to protect the 
stent during delivery, the lubricious coating initially can 
be hydrated before contacting the blood by flushing the 
sheath with saline solution. Due to the gel-like nature of 
the lubricious coating, the lubricious coating eventually ss 
dissolves in a short period of time, and typically will be 
completely degraded and dissolved by the time the stent 
is deployed and expanded. 



The layer of lubricious material protects the stent 
from the guide catheter or the anatomy by providing a 
low friction surface over the stent If a sheath or sleeve 
is used for delivering the stent, the lubricious coating aids 
in retraction of the sheath by decreasing friction between 
internal and external layers of the delivery system. The 
deployment of the stent also can be improved by 
decreasing friction between the stent and the balloon 
used to deliver the stent, decreasing friction between the 
layers of the stent itself, or decreasing friction between 
the vessel or lumen waO and the stent The need for a 
sheath for protecting the stent during delivery also can 
be mitigated if the coating is of a thickness suited to pro- 
viding a smooth transition through the delivery system, 
and still provides a low profile of the uninflated. unde- 
ployed stent. Alternatively, the lubricious coating also 
can be formed as a dried sheet of lubricious material, cut 
into a strip, wrapped in spiral fashion over the length of 
the polymeric drug carrying wrapping, and bonded in 
place by an adhesive such as a copolymer of poIy-L-lac- 
tic acid (L-PLA) and polycaprolactone (PCL). although 
other adhesives, or heat bonding may also be suitable. 

It thus has been demonstrated that the described 
embodiments provide a stent combining polymeric mate- 
rials with stent structures with the capability of absorbing 
therapeutic drugs or other agents, for placement and 
release of the therapeutic agents at a specific intravas- 
cular site. A complex locking design is not needed, and 
the stent can be re-dilated if necessary. The polymeric, 
drug-containing section can be bioabsorbabfe, and can 
be specially formulated for its specific function of deliv- 
ering drugs locally, since it is not necessary for the pol- 
ymeric component to provide assistance in keeping the 
Wood vessel open. The polymeric material can be 
extruded as a f 3m. using simple technology, and can be 
processed while the material is a flat sheet The stent 
can be used in coronary arteries or any other part of the 
vasculature where mechanical opening force is neces- 
sary or desirable to keep the vessel open, and where 
anti-restenosis, anti-prolif erative or other types of thera- 
peutic drugs or agents can be useful in combatting 
thrombosis and restenosis. 

It therefore will be apparent from the foregoing that 
while particular forms of the invention have been illus- 
trated and described, various mocfif ications can be made 
without departing from the scope of the invention. 
Accorcfingly. it is not intended that the invention be lim- 
ited, except as by the appended claims. 

Claims 

1 . A drug-loaded stent comprising: 

an expandable stent structural member; and 
a planar sheet of polymeric material disposed 
on the stent structural member, said polymeric 
material being loaded with a therapeutic agent. 
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2 Thedrug-loaded stent of Claim 1 . wherein said pla- 
nar sheet of polymeric material is wrapped in a con 
around the stent structural member: 

3 The drug-loaded stent of Claim 1 . wherein sait I pla- 
nar sheet d polymeric materia, is w^^^ 
ferentially around the stent structural member at 
teasrone time, and said planar sheet of polymenc 
material is attached to itself. 

4 The drug-loaded stent of Claim 1 , wherein said pla- 
nar sheet of polymeric material is wrappedarcum- 
toentially around the stent structural member at 
Retime, and said planarsheet of p^*« 
material is attached to the stent slructural member .5 
by interference fit. 

5 The drug-loaded stent of Claim 1 . wherein said pte- 
5 ' Z sheet of polymeric material ^P-"«J K 

ferentially around the stent slructural member at 
SSone «me. and sakf planar sheet of po.ym«« 
material is attached to the stent structural member 
by adhesive. 



6 The drug-loaded stent of Claim 1 . wherein sarf stent v 
6 - ^cSmemberhasasurtacadeliningaph^ 
of slotted openings therethrough and a pluratty of 
structural ribs, said planar sheet of polymer-c mate- 
rial has at least one attachment 
ture therethrough and a slit extending | tron .sard *> 
Serture to an outside edge of said 
said planar sheet of polymenc matenal bang 
attached to the stent structural men*erbyjnsertjng 
said attachment tab into one said stent stent slotted 
Srtng and hooMngsa*. slit ar* m* lapertu^o * 
said attacrnent tab to a structural rib sari stent 
Suctura. merger, and said sheet of polymenc 
material is wrapped circumferential* around the 
stent structural member at least one bme. ^ 

7 The drug-loaded stent of Claim 3. wherein said pla- 
? - ZrZl of polymeric materia, is Reeled fro- me 

group of polymers consisting of thermoplasK and 
8 eZ^ potymers. wher*y said Ameses 
radially when said stent structural member is 
expanded. 

8 'The drug-loaded stent of Claim 2, wherein said pla- 
^rsheLpolymericmaterialisadaptedtourKO. 
S^and to substantially match the expanscn of so 

said stent structural member. 

9 Thedrug-loadedstentofClaim2.whereinsaidstent 
structural member has a longitudinal axis, and sari 
Planar sheet of polymeric material has at least one * 
X Lsverse to the axis of sa« stent structural 
member to accommodate uneven expanswn of the 
stent structural member. 



10. The drug-loaded stent of Claim 1. wherein said ther- 
apeutic agent is selected from the group M 
of therapeutic agents consisting of antiplatelets. 
iSSSZ. cytostat* and antpro.Herat.ve 
agents. 

1 1 . The drug-loaded stent of Claim 1 wherein saidther- 
apeutic agent is selected from the group of thera- 
peutic agents consisting of sodium hepann tow 
molecular weight heparin, hirudin, argatroban. tor- 
Sim, vapiprost prostacyclin and prostacychn ana- 
toouM dextran. D-phe-pro-arg-ohloromethyl- . 
Sone. dlpSmde. glycoprotein Ito/lHa p^et 
melmneTeceptor antibody, recombinant hirudin, 
thrombin inhibitor, angiopeptin. a"9totens.nco™rt- 
ing enzyme inhWtors. calcium channel blocke^ 
colchicine. fibroUast growth factor ^"f^? 
oil omega 3-fatty acid, histamine antagonists. HMG- 
CoA reductase inhibitor, methotrexate U«ono*n- 
antibodies, nitroprusside. P^P n ^ est .f^^ 
tors, prostaglandin inhibitor, serotonm Uockers. 
steroids, thioprotease inhibitors. toazolopyr-mxlm 
PDGF antagonists, alpha-interferon. geneticaMy 
engineered epithelial cells, and combinations 
thereof. 



12. Thedrug-loaded stent of Claim l.where^sa^ert 
structural member is formed from a mete, seteded 
from the group of metals cons.st.ng of stainless 
3. tantalum nktel-ftanium alloy, P^.num-«"d- 
Z i alloy, gold, magnesium. MP35N. and MP20N. 

13. The drug-loaded stent of Claim 1 . wheransaidpla- 
nar sheet of polymeric materia, hasasurface dehn- 
ing a plurality of openings to promote rapid 
endothelialization. 

1 4 The drug-loaded stent of Claim 1 . wherein saW pla- 
of hydrophilic lubricious polymeric material. 

15 The drug-loaded stent of Claim 14. wherein said 
Sous material is selected from the > group con- 
Sno of polyethylene oxide, polyethylene glycol. 
Xylene acetate, polyvinyl W-™"* 1 *^ 
J alcohol, pofyacrylamide, hydrophylic soft seg- 
rrlerrt urethane. gum arabic. gum tragacamh. and 
combinations thereof. 
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FIG. 14 
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